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PATENT APPLICATION 
0100.0000430 



Method and Apparatus for Configuring an Input/Output Buffer 
FOR AN Integrated Bus Bridge and Graphics Controller 

Field Of The Invention 

The invention relates generally to computer systems and more particularly to 
integration of bus bridges, graphics devices, or other devices. 

Background Of The Invention 
As improved fabrication techniques allow greater and greater circuit density within 
electronic devices, functionality previously distributed over several chips migrated onto a 
single chip. Microprocessors, for example, now perform functions previously found on co- 
processors and peripheral controllers in addition to the more traditional processing role. 
However, migrating several functions onto a single chip hinders an end user's ability to 
upgrade peripheral functions that have migrated onto the processor. For example, if a 
graphics controller or other peripheral controller is implemented integrally with a processor, 
the end user may have difficulty upgrading the graphics controller without having to 
purchase a new microprocessor or computer system. 

The migration of functionality onto a single chip therefore can lock the end user into 
a single configuration. When a chip set implements peripheral controllers on the same chip 
as the processors, it can be difficult for an end user to disable on-chip peripheral controllers 
to upgrade as new peripheral controllers become available. One of the new chip sets includes 
an integrated bus bridge and graphics controller. Migrating the bus bridge and graphics 
controller onto a single chip allows much more efficient reuse as well as the elimination of 
redundant circuitry, as well as reducing cost. The internal graphics controller can quickly 
access main memory via the on-chip bus bridge. However, the new chip set does not forego 
expandability. As new graphics controllers become available, the end user can insert 
expansion cards containing upgrade graphics controllers into expansion slots within the 
computer system. A graphics controller implemented on an expansion card is coupled to the 



bus bridge via a bus, typically either an accelerated graphics port (AGP) bus or peripheral 
component interconnect (PCI) bus. Both of these bus types are source terminated, in that 
they rely on a reflected wave to be absorbed by the output impedance of the signal driver. 
The output impedance of the driver equals the line impedance. 

5 

However, the presence of an expansion slot coupled to the expansion bus presents 
problems for the on-chip graphics controller when no expansion graphics controller is 
inserted into the expansion slot. For example, when the bus bridge provides a signal for the 
on-chip graphics controller, echoes or signal reflections from the expansion slot can interfere 

10 with the on-chip graphics controller's reception of the signal. Because the bus bridge and on- 
chip graphics controller are implemented on the same chip, signals propagate from the bus 
bridge to the on-chip graphics controller, by going all the way down the bus to the expansion 
slot and then are reflected back before the on chip graphics controller sees the full magnitude 
Q of the signal. The elapsed time is twice as long as the signal takes to get to the graphics 

15 controller in the expansion slot. Since the bus specifications are defined to the device farthest 
away from the bus bridge, either the bus has to be half the length defined by the specification, 

m 

or the bus has to be non-compliant with the specifications. 

m 
m 

V In many respects, the expansion bus terminating in the empty expansion slot operates 

□ 

20 as a transmission line. Source terminated busses operate with the impedance of the output 
D buffer, approximately equal to the ended transmission line impedance. The bus bridge 

in 

P applies a voltage to the expansion bus, implementing a signal that propagates down the 

^3 expansion bus and is then reflected back towards the bus bridge. Because the impedance at 
the expansion slot is infinite, the reflection coefficient is one. Therefore, the reflected signal 
25 reinforces the propagating signal and produces a voltage double the applied voltage. The on- 
chip graphics controller, therefore, receives a first voltage directly from the on-chip bus 
bridge, and later receives a reflection signal to bring it up to the full magnitude. Operating at 
high speeds, the interface between the bus bridge and the on-chip graphics controller suffers 
excessive delay caused by driving the signal out to the expansion slot and back again to get to 
30 the on-chip graphics controller. 

Therefore, a need has arisen for a configurable bus interface coupling an internal bus 
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bridge, an internal circuit such as an on-chip graphics controller and an external circuit such 
as an expansion slot configured to receive an expansion or upgrade graphics controller. 

Brief Description Of The Drawings 

FIG. 1 illustrates a conventional computer system 12 with a processing unit 10, 
coupled to a northbridge 20. 

FIG. 2 shows the additional impedance of the AGP bus extending to the external 
circuit 50, according to the circuit shown in FIG. 1. 

FIG. 3 shows the voltage of the AGP bus at three different points along the AGP bus 
of FIG. 1. 

FIG. 4 shows a computer system 144 according to one embodiment of the present 
invention. 

FIG. 5 shows a computer system including a configurable bus interface circuit 
according to an exemplary embodiment of the present invention. 

Detailed Description Of a Preferred Embodiment of The Invention 

The present invention includes a configurable bus interface circuit that includes an 
internal bus bridge and an internal circuit such as an internal (i.e., on-chip) graphics 
controller. The configurable bus interface circuit also includes an internal I/O circuit such as 
a buffer coupled between the bus bridge and the external circuit, operably coupled to prevent 
any signals fi"om the external circuit fi'om reaching the internal circuit. Accordingly, no 
signals reflected firom an empty expansion slot (i.e., transmission line effects) can reach an 
on-chip graphics controller. 

FIG. 1 shows a conventional computer system 12 with a processing unit 10, coupled 
to a northbridge 20. The northbridge 20 is a well-known bus bridge configured to couple a 
memory bus 28, a processor bus 32, and an expansion or system bus such as a PCI bus 60. 
The memory bus 28 couples the northbridge 20 to a memory 26. The processor bus 32 
couples the northbridge 20 to the processing unit 10. The PCI bus 60 couples the northbridge 
20 to other devices within the computer system 12. 

The northbridge 20 shown in FIG. 1 is also coupled to an accelerated graphics port 




bus, referred to as AGP bus 90. The AGP bus 90 is coupled to both an external circuit 30 and 
an external circuit 50. Accordingly, both the external circuit 30 and the external circuit 50 
receive signals from the northbridge 20 over the AGP bus 90. A southbridge 70 couples the 
PCI bus 60 to an additional bus 80. 

5 

It will be understood that AGP is offered as an example of a bus protocol, and that 
other bus protocols may be used without departing from the present invention. For example, 
an NGP bus protocol or a PCI bus protocol may be used instead of, or in conjunction with, an 
AGP bus. It will also be understood that the term "coupled" refers to components that are 
10 coupled indirectly as well as to components that are coupled directly. 



The external circuit 30 is a graphics controller that is further coupled to a first 
graphics monitor (not shown). The external circuit 30 may access the memory 26 or other 
□ devices coupled to the PCI bus 60, and displays data on the first graphics monitor. The 

15 external circuit 50 is also a graphics controller that may be coupled to a second graphics 

t3 monitor (not shown). However, the external circuit 50 may be removed from the computer 

m 

m system 12. 




30 



X^^^The northbridge 20 issues graphics idata over the AGP bus 90. The AGP bus 90 



20 couf/es both the external circuit 30 and th^extemal circuit 50 (residing within an expansion 

□ slot, not shown) to the northbridge 20. / The portion of the AGP bus 90 that couples the 

in / 

:^ external circuit 50 to the northbridge 20 is the frill length allowed by the specification. The 

O external circuit 30 is close to the same end of the AGP bus 90 as the northbridge 20, so the 
propagation delay between the external circuit 30 and the northbridge 20 is relatively short. 
25 However, the AGP bus 90 also rerums a reflection signal from the external circuit 50 to the 
external circuit 30. The roun^trip propagation delay between the northbridge 20 and the 
external circuit 30 is approximately twice as long as the trip to the external circuit 50 (i.e., the 
full length allowed by the specification). This propagation delay postpones a time at which 
the signal at theintemal c^cuit 30 reaches fiiU magnitude. 



FIG. 2 shows the additional impedance of the AGP bus 90 extending to the external 
circuit 50, according to the circuit shown in FIG. 1. The path of the wavefront is a source- 
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terminated transmission line. FIG. 2 includes a source 202 that is a unit step voltage source, 
an output impedance Zo, and a line impedance Zline. The source 202, located at an output of 
the bus bridge 20, applies a voltage to a point A which is propagated along the AGP bus 90. 
The AGP bus 90 operates as a transmission line between points A and C, and carries the 
voltage to the external circuit 30 and the external circuit 50. Zo 204 is the real impedance of 
the output drive on the chip. 

Zline 206 represents a characteristic alternating current (AC) impedance of the AGP 
bus 90. Zload 208 represents an impedance of the external circuit 50. Zload 208 is 
effectively an infinite impedance when the external circuit 50 is removed, and also when the 
external circuit 50 is installed since the input impedance of the external circuit 50 is so large. 
The voltage at the source 202 is the initial voltage step. This step is theoretical in that it does 
not take into account the inpact that output impedance has on the initial wave present that is 
launched down the transmission line. This voltage, in an AGP 4x bus implementation, is a 
unit step of 1 .5 volts. Because Zo 204 is equal to Zline 206, the transmission path between 
the source and the load is effectively a voltage divider. Point "B" is the point where the 
output buffer connects to the transmission line. It is also the input to the internal graphics 
controller (not shown). The voltage at point "B" is (Vsource) * (Zline)/(Zo+Zline). At point 
B, the initial signal launched down the transmission line has a voltage of 0.75 volts. A 
receiver at the input to the internal graphics controller normally cannot determine the value of 
the signal until the voltage on the transmission line rises to approximate the full value of the 
source unit step. 

In many respects, the expansion bus terminating in the empty expansion slot operates 
as a transmission line. The bus bridge applies a voltage to the expansion bus, implementing a 
signal that propagates down the expansion bus and is then reflected back towards the bus 
bridge. Because the impedance at the far end of the transmission line is essentially infinite, 
the reflected signal reinforces the propagating signal and produces a voltage approximately 
double the applied voltage. 

The signal propagates along the AGP bus 90 until reaching Zload 208, which reflects 
the signal. Zload 208 is typically an open circuit, having infinite impedance. There is a 



reflection coefficient of (Zload-Zline)/(Zo*Zline). When this is matched, the reflection 
coefficient is zero, and there is no reflection. When this is open, the reflection coefficient is 
one. At point "C," the voltage doubles upon the arrival of the signal, due to the reflection. 
The signal is reflected back, doubling the voltage on the transmission line as it propagates. 
When the reflection reaches the source 202, Zo 204 absorbs the reflection. Since Zo = Zline, 
Zo-Zline=0. This makes the reflection coefficient 0, so no subsequent reflection will occur. 
Eventually, the reflection reaches point B, and is added to the original signal, doubling the 
signal. 

A receiver at point B does not see the full 1.5 volts immediately. Specifications 
normally consider only the propagation time fi'om the source to the load. The propagation 
time from the source to the load and then returning to point B is a delay that can, 
unfortunately, exceed the specifications. The receiver at point B actually sees the voltage 
later than does the receiver at point "C." 

The external circuit 50 is shown as an effective impedance Zload 208. The bus driver 
operational protocol can be represented as a voltage source and an impedance Zo 204. The 
effective impedance of the AGP bus 90, as seen by the northbridge 20, is represented as Zline 
206. The impedance, Zload (approximately infinite) does not match the loaded transmission 
line impedance, Zline 206. Therefore, the mismatched impedance creates a reflection from 
the expansion slot that propagates back through the AGP bus 90 to the external circuit 30. 

FIG. 3 shows the voltage of the AGP bus at three different points along the AGP bus 
of FIG. 1. It should be understood that the source 202 and the Zo 204 represent an output 
buffer that drives the AGP bus signal. Trace A of FIG. 3 shows the voltage at the output of 
the voltage source portion that is implementing the bus driver operational protocol. This is a 
theoretical waveform that does not take into account the impact that the output impedance 
(Zo 204) has on the initial wavefiront. In trace A, a relatively abrupt increase in voltage 
implements the application of a signal. The voltage rises relatively abruptly, from zero volts 
to 1.5 volts. 



Trace C represents the voltage detected at the load. Trace B shows the signal at the 
output of the chip at point B. In trace B, the applied signal is almost immediately detected. 
However, it is only at half-magnitude due to the Zo/Zline voltage divider. Any delay 
between the rise in trace A and the first rise in trace B is due to propagation delay in the 
bridge's output. Trace C shows the voltage of the AGP bus 90 observed at a point adjacent 
to the external circuit 50. As can be seen upon examination of trace C, a rise in voltage is 
delayed with respect to the corresponding rise in voltage of trace A and trace B. The relative 
delay between the rise of trace B and the rise of trace C is due to the propagation delay along 
the length of the AGP bus 90, from the northbridge 20 to the external circuit 50. 

Returning to trace B, a second rise in the voltage of the AGP bus 90 as observed at 
the external circuit 30 is due to a reflection of the rise in trace C. The second increase in the 
voltage shown in trace B brings the signal at the external circuit 30 to full magnitude. 

FIG. 4 shows a computer system 144 according to one embodiment of the present 
invention. The computer system 144 includes a bus bridge graphics unit, for example an 
integrated bus bridge graphics unit 194, belonging to a chip set of the computer system 144. 
The integrated bus bridge graphics unit 194 includes a second internal circuit, for example a 
bus bridge 120 having a bus interface to a processor bus. The bus bridge 120 may be 
replaced with any internal circuit. A processor bus 132 couples the bus bridge 120 to an 
optionally-integrated CPU 128. A memory bus 138 couples the bus bridge 120 to a memory 
136. An accelerated graphics port bus 190 couples the bus bridge 120 to a first intemal circuit 
(represented as an intemal circuit 130), for example a graphics controller having an interface 
to a video monitor (not shown). The intemal circuit 130 may be coupled to a first graphics 
monitor (not shown). The bus bridge 120 may be a northbridge, similar to the northbridge 20 
of FIG. 1, or may be any other device suitable for passing signals between the CPU 128 and 
the intemal circuit 130. The bus bridge graphics unit 194 optionally integrates any or all of 
the formentioned circuits and components. 

The accelerated graphics port bus 190 is shown for illustrative purposes. Although 
an actual bus may be optionally included, the bus bridge 120 may be connected directly to 
the intemal circuit 130 without any bidirectional or multiple driver nets. The accelerated 
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graphics port bus 190 is shown to illustrate signals passing between the bus bridge 120 and 
the internal circuit 130. There need not be any preservation of the bus protocols; and, need 
not be restricted to AGP or to PCI. The PCI bus protocol is presented as an example. Any 
connection protocol serves to provide connection. 

5 

The integrated bus bridge graphics unit 194 also includes an internal I/O circuit 140, 
coupled to an external circuit 150 by a first external signal path, for example an AGP bus 
extension 192. The external circuit 150 may be coupled to a second graphics monitor (not 
shown). The internal I/O circuit 140 is merely an example, and may be replaced with any 
10 suitable circuit, such as a device unidirectionally coupled between the AGP bus 190 and the 
AGP bus extension 192. "Unidirectional" in this sense does not refer to the bus itself, which 
is a well-known AGP bus; instead, unidirectional refers to the ability to intercept and 
eliminate a flow of data or signals in one direction while permitting the flow of data or 

S signals in the other direction. The internal I/O circuit 140 is, for example, a buffer capable of 

in 15 allowing data to flow in only one direction. 

m 
m 

fQ Also shown in FIG. 4, the external circuit 150 is coupled to the integrated bus bridge 

\^ graphics unit 194 via the internal I/O circuit 140. In some embodiments, the external circuit 

5i 150 may represent nothing more than an empty expansion slot operably coupled to receive an 
j~ 20 upgrade graphics controller. If desired, a user or an original equipment manufacturer (OEM) 

P may include an upgrade graphics controller within the expansion slot, representing another 

in 

p embodiment of the external circuit 150. The external circuit 150 allows a user or a 

manufacturer to add expansion devices to the computer system. Expansion devices include 
upgrade graphics cards. In other embodiments, network interface cards, memory devices, or 
25 parallel processors may be added by inserting appropriate expansion cards into the expansion 
slot of the external circuit 150. 

Transmission line reflections are found in other situations as well. For example, 
whenever a board or circuit is expandable by the insertion of an expansion device, the 
30 absence of the expansion device causes reflection from the open-ended bus, wire, or trace. 
The reflection can interfere with signals propagating on the board or circuit among existing 
devices. Suppressing reflections from the open-ended bus, wire, or trace when the expansion 
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device is absent improves the ability of the existing devices to communicate. 

When the external circuit 150 is merely a vacant expansion slot, circuit selection 
logic 185 (shown in FIG. 5) disables the propagation of signals from the external circuit 150 
to the internal circuit 130. In other v^ords, when the external circuit 150 is nothing more than 
a vacant expansion slot, the circuit selection logic 185 electrically isolates the external circuit 
150 (and the portion of the AGP bus 190 extending from the internal I/O circuit 140 to the 
external circuit 150) from the internal circuit 130 (and the portion of the AGP bus 190 
extending from the bus bridge 120 to the internal circuit 130). On the other hand, when the 
external circuit 150 is, or is coupled to, a graphics controller, a circuit selection logic 185 
(shown in FIG. 5) disables the internal circuit 130 and allows signals to propagate between 
the external circuit 150 and the bus bridge 120. 

In one embodiment, the bus bridge 120, the internal circuit 130, the AGP bus 190, 
and the internal I/O circuit 140, and optionally a CPU 128 are all implemented on a single 
chip identified as the integrated bus bridge graphics unit 194. Therefore, signals propagate 
among the various devices on the integrated bus bridge graphics unit 194 at high speeds, 
having little or no bus length that could result in propagation delays. 

A sou^bridge 170 couples a PCI bus 160 to an ISA bus 180. . The southbridge 170 
is a well-kiwwn secondary bus bridge, often found in computer systems between buses other 
than the n^cessor bus, and may be replaced with any other device commonly found on a bus 
that is coupled to the bus bridge 120. 

Operationally, signals from the bus bridge 120 propagate along the AGP bus 190 to 
both the internal circuit 130 and the external circuit 150. The internal I/O circuit 140 
captures signals, when the signals are valid, from the external circuit 150. The internal 
circuit 130 is coupled to the bus bridge 120 bufferlessly (i.e., without any intervening I/O 
buffer). Buffer, in this context, refers to an I/O buffer at an edge of a chip. 

The bus bridge 120 is therefore operably coupled to write to both the internal circuit 
130 and the external circuit 150 in parallel In other embodiments, the bus bridge 120 is 
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operably coupled to select and to write to either the internal circuit 130 or the external circuit 
150. The circuit selection logic 185 (shown in FIG. 5) is operative to detect the presence or 
absence of a graphics controller at the external circuit 150, and to select either the internal 
circuit 130 or the external circuit 150 accordingly. In still other embodiments, the circuit 
5 selection logic 185 is operably configured to receive a signal from the CPU 128, and to detect 
the intended destination of any bus bridge signals propagating from the bus bridge 120 onto 
the AGP bus 190. 

When the circuit selection logic 185 determines that the bus bridge 120 is directing 
10 signals to the internal circuit 130, or when the circuit selection logic 185 detects the absence 
of any graphics controller at the external circuit 150, the circuit selection logic 185 
configures itself to obstruct the propagation of any signals from the external circuit 150 to 
any on-chip device. In some embodiments, the AGP bus extension 192 is a unidirectional 
y bus that obstructs the propagation of any signals from the external circuit 150 to any on-chip 
in 15 device. In other embodiments, the AGP bus extension 192 is bidirectional, and the intemal 
I/O circuit 140 includes an input buffer that provides signals to the bus bridge 120 but not to 

y j 

?H the intemal circuit 130. 

m 
m 

3^ Alternatively, if the circuit selection logic 185 detects the presence of a graphics 

o 

pi 20 controller at the external circuit 150 or detects that any bus bridge signals from the bus bridge 
'^-^ 120 onto the AGP bus 190 are intended for the external circuit 150, then the circuit selection 

n 

p logic 185 configures itself to permit the propagation of signals from the external circuit 150 
to the AGP bus 190. When the circuit selection logic 185 allows the propagation of signals 
from the external circuit 150 to the AGP bus 190, the circuit selection logic 185 disables the 
25 graphics controller (not shown) located at the intemal circuit 130. The disabling of the 
intemal circuit 130 does not preclude the graphics controller at the internal circuit 130 to 
receive signals from the AGP bus 190. 

FIG. 5 shows a computer system 144 including a configurable bus interface circuit 
30 according to an exemplary embodiment of the present invention. In the embodiment of FIG. 
5, the configurable bus interface circuit is an integrated bus bridge graphics unit 194. The 
integrated bus bridge graphics unit 194 in one embodiment includes the CPU 128. In another 
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embodiment, the CPU 128 is implemented on a separate chip. The computer system 144 of 
FIG. 5 includes a bus (north) bridge 120, an internal circuit 130, and an external circuit 150. 
The bus bridge 120 and the internal circuit 130 reside on the integrated bus bridge graphics 
unit 194. The external circuit 150 resides off the integrated bus bridge graphics unit 194, and 
5 is separated from the integrated bus bridge graphics unit 194 by a chip boundary 124. 

Referring again to FIG. 4, the CPU 128 controls the bus bridge 120. The bus bridge 
120 is operably coupled to transfer signals among the processor bus 132, the AGP bus 190, 
the memory bus 138, and the PCI bus 160. When the CPU 128 writes data to the memory 
10 136, the bus bridge 120 provides the data to the memory 136 via the memory bus 136. When 
the CPU 128 writes data to other devices within the computer system 144, the bus bridge 120 
provides the data to the PCI bus 160. The southbridge 170 passes signals from the PCI bus 
160 to the ISA bus 180. The southbridge 170 is a well-known secondary bus bridge, often 
found in computer systems between buses other than the processor bus, and may be replaced 
1 5 with any other device. 

When the CPU 128 writes data to internal circuit 130 or the external circuit 150, the 
bus bridge 120 provides the data to the appropriate circuit via AGP bus 190. When the CPU 
128 writes data to the external circuit 150, internal I/O circuit 140 provides the data from the 
20 AGP bus 190 to the external circuit 150 via the AGP bus extension 192. 

Referring again to FIG. 5, the bus bridge 120 includes an internal bus bridge data-out 
flip-flop 102, an internal bus bridge data-in flip-flop 104, and an internal bus bridge enable 
flip-flop 106. The various flip-flops are, for example, D-type flip-flops, toggle-type flip- 
25 flops, JK flip-flops, SR flip-flops, clock enabled D-type flip-flops, or any other type of flip- 
flop. The flip-flops serve to align data with the interface clock to comply with timing 
requirements of the AGP bus protocol. 

The intern^ bus bridge enable flip-flop 106 provides an internal bus bridge enable 
30 signal 162 to the internal I/O circuit 118 that allows the bus bridge 120 to issue a second 
internal signdl via a second internal signal path (a first portion of the bufferless data path 122) 
and an odtput buffer 164 over the AGP bus extension 192. The internal bus bridge data-out 



12 



flip-flop lOZ aligns the data to comply with the AGP bus protocol, if necessary, within the 
bus bridge /1 20 pending issue of the data over the AGP bus 190 (shown in FIG. 4). The 
signal at the data input of the output buffer 164 is shown connected to the data input of the 
internal/circuit data in flip flop 110, and is driven from the intemal bus bridge data out flip 
flop 102. Any arrangement that affords the bus bridge 120 being able to send a signal to the 
input/of the output buffer 164, and a logically similar signal to the input of the intemal circuit 
dat^ in flip flop 1 10, applies. 

The bus bridge 120 receives data via an intemal bus bridge data-in signal 172. When 
10 the bus bridge 120 receives data, the bus bridge 120 captures the data in the intemal bus 
bridge data-in flip-flop 104. The intemal bus bridge data-in flip-flop 104 of the bus bridge 
120 receives a selected signal from a selector circuit, for example multiplexer 126, via a third 
intemal signal path. The multiplexer 126 selects whether the intemal bus bridge data-in flip- 
(□ flop 104 receives a signal from the extemal circuit 150 or from the intemal circuit 130 and 
i n 15 provides the selected signal to the intemal bus bridge data-in flip-flop 104. 

B 

m 

IB In one embodiment, a "strap," i.e. a pin that is set to a predetermined value as part of 

iri 

:f: an initialization process, configures multiplexer 126. Intemal logic captures this value. This 

:i value is then used to configure the intemal circuitry to operate in a desired mode. A control 

D 

20 bit of a register within the integrated bus bridge graphics unit 194, or within circuitry that 

!□ monitors transfers from the bus bridge 120 to the intemal circuit 130 and the extemal circuit 

m 

p 150, or which is set by a mechanical switch, or by an initialization circuit configuration, 

Q determines whether the multiplexer 126 selects the extemal circuit 150 or the intemal circuit 

130. When the multiplexer 126 selects the extemal circuit 150, the multiplexer 126 receives 
25 a first extemal signal, for example signal or signals from the AGP bus extension 192, via an 
input buffer 166. When the multiplexer 126 selects the intemal circuit 130, the multiplexer 
126 receives a first intemal signal or signals, for example an intemal circuit data out signal 
168, from the intemal circuit data out flip-flop 108 of the intemal circuit 130 over a first 
intemal signal path. 



30 



Because the input buffer 166 does not provide a path from the extemal circuit 150 to 
the intemal circuit 130, the intemal circuit 130 is not affected by any transmission line 
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effects. Signals from the bus bridge 120 over the bufferiess data path 122 to the internal 
circuit 130 are not corrupted by any signals from the external circuit 150. In particular, 
signals from the bus bridge 120 over the bufferiess data path 122 to the internal circuit 130 
are not corrupted by any reflection signals that are reflected from the external circuit 1 50 and 
that represent a delayed version of the second signal. 

The internal circuit 130 includes an internal circuit data-in flip-flop 110 and the 
internal circuit data-out flip-flop 108. When the internal circuit 130 is configured to receive 
data, the data is captured in the internal circuit data-in flip-flop 110. When the intemal 
circuit 130 is configured to provide data, the intemal circuit data-out flip-flop 108 provides 
the data. 

Significantly, the intemal circuit 130 does not require an intemal circuit enable flip- 
flop. The intemal circuit 130 never drives the AGP bus extension 192, so the intemal circuit 
130 never has occasion to enable the output buffer 164. Therefore, there is no need for an 
enable flip-flop. 

Advantageously, the computer system 144 of FIG. 5 includes a fourth intemal signal 
path, for example a second portion of the bufferiess data path 122, which provides a direct 
connection from the intemal bus bridge data-out flip-flop 102 of the bus bridge 120 to the 
intemal circuit data-in flip-flop 110 of the intemal circuit 130. This connection provides a 
fourth intemal signal from the bus bridge 120 and is extremely fast. Whenever the bus 
bridge 120 provides data over the AGP bus 190 (shov^n in FIG. 4), such data is received by 
the intemal circuit 130 and captured in the intemal circuit data-in flip-flop 1 10 for processing 
within the intemal circuit 130. This high speed direct connection cannot be comipted by any 
reflection signal propagating from the extemal circuit 150. There is no path, buffered or 
unbuffered, that would allow reflection signals from the extemal circuit 150 to cormpt bus 
bridge signals propagating along the bufferiess data path from the bus bridge 120 to the 
intemal circuit data-in flip-flop 110. Also, this direct connection does not require any 
enabling or storage. 

The computer system 144 of FIG. 5 also includes the intemal I/O circuit 118, 
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implementing the internal I/O circuit 140 of FIG. 4. The internal I/O circuit 118 includes a 
pair of buffers. The output buffer 164 of the pair of buffers passes bus bridge signals from 
the internal bus bridge data-out flip-flop 102 via the AGP bus 190 (shown in FIG. 4) to the 
external circuit 150. The output buffer 164, therefore, operates in parallel with the bufferless 
data path 122 from the internal bus bridge 120 to the internal circuit 130. When the bus 
bridge 120 issues a bus bridge signal, the bus bridge signal therefore passes along two 
parallel paths: a first path to the internal circuit 130 and the second path to the external circuit 
150. 

The input buffer 166 of the internal I/O circuit 118 receives signals from the external 
circuit 150 and directs such signals away from the internal circuit 130. Accordingly, the 
internal I/O circuit 118 electrically isolates the internal circuit 130 from the external circuit 
150. The input buffer 166 of the internal I/O circuit 118 directs the signals received from the 
external circuit 150 to the multiplexer 126. Signals from the internal circuit 130 are also 
provided to the multiplexer 126. The multiplexer 126 is controlled, in one embodiment, by a 
control bit of a register within the integrated bus bridge graphics unit 194. 

In another embodiment, the mulitplexer 126 is controlled by circuitry that monitors 
transfers from the bus bridge 120 to the internal circuit 130 and the external circuit 150. If 
desired, the multiplexer 126 may be set by a mechanical switch, or an initialization circuit 
configuration. When the bus bridge 120 is addressing the external circuit 150, the circuit 
selection logic 185 causes the multiplexer 126 to select signals from the external circuit 150 
via the input buffer 166 of the internal I/O circuit 118. When the bus bridge is targeting the 
internal circuit 130, the circuit selection logic 185 causes the multiplexer 126 to select signals 
from the internal circuit 130 directly via the internal circuit data-out flip-flop 108. 

The output of the multiplexer 126 provides signals to the internal bus bridge data-in 
flip-flop 104 of the bus bridge 120. Accordingly, the bus bridge 120 is able to receive signals 
from only one of the internal circuit 130 and the external circuit 150, at any given time. 

Accordingly, the computer system 144 isolates the internal circuit 130 from the 
external circuit 150. In this embodiment, although signals from the bus bridge 120 are 
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provided to both the internal circuit 130 and the external circuit 150, internal circuit 130 
cannot receive signals from the external circuit 150, and the external circuit 150 cannot 
receive signals from the internal circuit 130. Another embodiment allows communication 
between the internal circuit 130 and the external circuit 150, by including appropriate 
mulitplexers at the input to the internal circuit data-in flip-flop 110, and the input to a data 
input of the output buffer 164. By electrically isolating the internal circuit 130 from the 
external circuit 150, the computer system 144 protects the internal circuit 130 from reflection 
signals bouncing from the external circuit 150, by separating the bufferless data path 122 
from the external circuit 150. 

The external circuit 150 of FIG. 5 includes an external circuit data-out flip-flop 112 
and an external circuit data-in flip-flop 114, as well as the external circuit enable flip-flop 
1 16. The external circuit data-out flip-flop 1 12 is operably coupled to provide signals from a 
device located at the external circuit 150, or coupled to the computer system 144 via the 
external circuit 150. The external circuit data-out flip-flop 112 is operably coupled to align 
the first extemal signal to comply with timing requirements of the AGP bus protocol. 

The extemal circuit data-in flip-flop 114 is operably coupled to receive signals from 
the AGP bus 190 for the extemal circuit 150, or for a device coupled to the computer system 
144 via the extemal circuit 150. The extemal circuit data-in flip-flop 1 14 is operably coupled 
to capture signals (representing data or instructions), while the signals are valid, pending the 
extemal circuit 150 reading the data or instructions from the AGP bus 190. 

The device provides a configurable bus interface such as an input/output buffer that 
couples an intemal bus bridge, an intemal circuit such as an on-chip graphics controller and 
an extemal circuit such as an expansion slot configured to receive an expansion or upgrade 
graphics controller. The device is appropriate for an integrated bus bridge and graphics 
controller. 

It should be understood that the implementation of other variations and modifications 
of the invention in its various aspects will be apparent to those of ordinary skill in the art, and 
that the invention is not limited by the specific embodiments described. For example, in 
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computer systems having an integrated PCI bus and AGP bus, the external circuit may be any 
PCI bus expansion slot, and the graphics controller may be any bus slave. It is therefore 
contemplated to cover by the present invention, any and all modifications, variations, or 
equivalents that fall within the spirit and scope of the basic underlying principles disclosed 
and claimed herein. 
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